Three experiments were conducted to evaluate levels and sources of dietary energy for growing-finishing pigs during cool and warm seasons. The specific objective was to determine the effect of lower energy diets containing more fiber during cooler temperatures. In Exp. 1, lower energy diets supported daily gains equal to those of pigs fed higher energy diets during low temperature trials, but gains were decreased (P<.05) during high temperature trials. Feed conversion was improved with each increment of dietary energy and pigs were more efficient converters of feed during warm-season trials. Calorie utilization trends were not the same during cool and warm-season trials. Bermudagrass and alfalfa meal were used in lower energy diets in Exp. 2 and bermudagrass was used in lower energy diets in Exp. 3. Daily gains were not different in these trials, but trends in gain and feed conversion were similar to those in Exp. 1. In general, carcass traits did not differ significantly as a result of dietary treatment in these experiments. There was less (P<.05) backfat on carcasses from low dietary energy groups during summer trials in Exp. 1 and 3. In all experiments, shoulder percentages were higher during wxtrm-season trials. The data were combined with earlier data to illustrate dietary energy sources and levels and environmental temperature interactions and effects on average daily gain, and carcass traits. The response of gain, dressing, ham, belly and lean cut percentages as a function of metabolizable energy differed (P<.05) between seasons. The effects of diet formulation and environmental temperature on growing pig performance and tPresent address:
Introduction
Growing pigs housed in environments above and below their zone of thermoneutrality can be aided or conversely, stressed further by the ingredient formulation of diets. Ambient temperatures below and above critical low and high temperatures cause heat production and the energy requirement for maintenance to be above those of animals maintained in thermal comfortable temperatures. Therefore, one objective of diet formulation is to minimize maintenance requirement and stress on the animals.
Research with pigs (Stahly and Cromwell, 1979) and chicks (Fuller and Mora, 1973) reared at or below thermal neutrality indicates that the animals apparently eat to satisfy the energy requirement, but that feed consumption is decreased in a hyperthermal environment to minimize the burden of excess body heat, whereas feed and energy intake is increased at low ambient temperatures for body warmth and comfort.
Because a nutrient is seldom metabolized alone, the heat increment or specific dynamic effect of a feed is directly affected by the combinations in which the nutrients are fed. The resulting values are lower than those for an individual nutrient. Of combinations studied, the heat increment was lowest with the protein and fat mixture (Forbes and Swift, 1944; Forbes et al., 1946; Swift and Black, 1949) .
It is logical that diets fed during periods of high temperature should be high in energy for reduced total feed intake and minimal heat increment. Diets fed in cool seasons could be lower in energy and higher in fiber content for acceptable performance. A series of experiments 95 JOURNAL OF ANIMAL SCIENCE, Vol. 54, No. 1, 1982 aprotein was decreased from 16 to 14% of the diet after 55 kg and kept at that level to slaughter wt. Ca and P were decreased from .67 and .57 to .6 and .5% of the diets, respectively.
bpurchased from Brown Co., Berlin, NH. CA trace mineralized salt was fed as .45% of the diet and provided in addition to salt in ppm: Zn, 50;Mn, 40; Fe, 25; Cu, 5; 1, .5; Co, 5. A trace mineral premix provided in ppm: Zn, lO; Fe, lO; Mn, 30; Cu, 1.0; 1, .75; Ca, 150 . A vitamin premix provided/kg of diet: vitamin A, 4,400 IU; vitamin D3, 800 IU; vitamin E, 11 IU; riboflavin, 4.4 mg; pantothenic acid, 8.8 ng; niacin, 44 rag; choline, 220 mg; vitamin Bin, 13 ug; menadione, 1,150 ug; folic acid, 550 ug; biotin 110 ug; pyridoxine, 2.2 mg. A antibiotic premix provided 16 mg of chlorotetracycline/kg of diet.
was conducted to compare the effects of various energy sources and levels in diets for growing-finishing swine on growth, feed conversion and carcass characteristics during feeding periods of high and low ambient temperatures.
Experimental Procedure
Three experiments were conducted to examine the dietary energy level x environmental temperature (season) interaction. Seasons were defined as the warm months of June, July, August and September and the cool months of December, January, February and March in Georgia at 33055 ' N latitude. The growing period was from average starting wt of 22 -+ 4 kg to average slaughter wt of 94 -+ 2 kg.
In Exp. 1, within each season, 54 crossbred pigs were divided into three replicates on the basis of weight, sex and litter and randomly assigned to one of three dietary treatments. The treatments varied with respect to energy level. Solka floc was added as fiber to lower metabolizable energy (ME) and animal fat was added to increase energy above that in a corn soybean meal diet. Composition of the fortified growing diets are shown in table 1. Diets 1, 2 and 3 contained 3,138, 3,340 and 3,535 kcal/kg ME, respectively in the growing phase and 3,140, 3,331 and 3,547 kcal/kg ME in the finishing phase.
In Exp. 2, group feeding trials were conducted during each season and replicated during two successive years. In each trial, 40 crossbred pigs were divided as in Exp. 1 into four groups of 10 each and randomly assigned to four dietary treatments.. (1) basal corn-soybean meal, (2) 5.0% dehydrated alfalfa meal, (3) 5.0% dehydrated bermudagrass and (4) 5.0% animal fat (table 2) . Diets contained 3, 326, 3, 222, 3, 245 and 3, 554 kcal/kg ME in the growing phase and 3, 320, 3, 215, 3, 235 and 3, 547 kcal/kg ME in the finishing phase. The dehydrated bermudagrass was a high quality pellet containing approximately 14% crude protein. Pellets from early cut, wellfertilized grass were reground before being added to the diets. A good quality, 17% crude protein dehydrated alfalfa meal was added to the diets in meal form. In Exp. 3, three levels of dehydrated bermudagrass were used to alter the fiber and energy content of the dietary treatments. Diets contained 0, 5, 10 and 15% dehydrated bermudagrass (table 3 ) . A fifth treatment was formulated with 15% bermudagrass and animal fat to increase the number of calories to the level in the treatment with no bermudagrass. Diets 1 through 5 contained 3, 418, 3,313, 3,208, 3,103 and 3,416 kcal/kg ME, respectively, in the growing phase and 3, 429, 3,324, 3,220, 3,114 and 3,427 kcal/kg ME in the finishing phase. Group feeding trials were conducted during each season and replicated during two consecutive years. In each trial, 60 crossbred pigs were divided as before into five groups of 12 pigs each and randomly assigned to one of the five treatments.
In all experiments, diets were changed to the finishing diet at 55 kg body weight. Individual weights of pigs were recorded biweekly and all feed additions, as well as the feed remaining in the feeders, were weighed and recorded each time the pigs were weighed.
In Exp. 1, the pigs were housed in an unheated, modified open front building in individual pens with slatted aluminum floors, in aprotein was decreased from 16 to 14% of the diet after 55 kg and kept at that level to slaughter wt. Mineral premix was decreased to 2.0% of the diets. Exp. 2 and 3, the animals were kept in group pens with a combination of solid concrete and slatted aluminum floors. Feed and water were offered ad libitum.
After the pigs weighed 90 kg or more, they were removed individually and slaughtered. Hot and cold carcass weights were recorded, and carcass length was measured from the front of the first rib to the aitch bone. Mean backfat was determined by averaging the fat thickness at the first rib, last rib and last lumbar vertebra. The lean cuts of the shoulders, loins and hams were cut and trimmed of excess fat before being weighed. Belly weights were also recorded. Loin surfaces at the 10th rib were exposed and the longissimus muscle traced for calculation of the area. Marbling, color and firmness of the longissimus muscle were scored subjectively.
Least-squares analysis of variance with a covariate of total gain on test was used to analyze the data. If the F test was significant for main effects then differences were evaluated by Duncan's (1955) multiple range test. Treatment differences within each season were separated by least square means procedure.
Results and Discussion
Dietary treatment means for average daily gain were not significantly different in Exp 1. However, within season differences in response to dietary energy levels and possibly fiber level during the warm season were observed (table 4). Daily gain of pigs fed lower calorie-higher fiber diets was not adversely affected during cool months, whereas gain was decreased (P<.05) by the lower energy diet during the warm season. Fat in the diet did not increase daily gain. Pigs were more efficient (P<.05, with combined seasonal data) in converting feed to weight gain with each higher increment of energy, and the improvement was significant (P<.05) during the warm months. Conversion by the lower energy group was similar to that of pigs fed the corn-soybean meal diet during the cool months. Improvement of feed conversion by pigs fed higher energy diets has been well documented (Kropf et al., 1959; Liebbrandt et al., 1975) . The temperature and dietary energy effect on feed conversion was reported earlier (Seerley et al., 1978) with the percentage of improvement of higher energy diets greater during warm-than cool-feeding periods.
Differences in carcass traits due to energy level were quite small. Pigs fed the two higher energy diets had more (P<.05, combined seasonal data) backfat, which was significantly increased (P<.05) in the warm temperature. Within seasons, other carcass measurements were similar. Cool and warm seasonal means for certain carcass traits differed (P<.05). Pigs fed during warm temperatures had more backfat, a higher shoulder percentage and a higher percentage lean cuts. An increase of lean cuts with an increase in backfat is unusual as an inverse effect is normal. In Exp. 2, there were no significnt differences in daily gain between any treatment or treatment by season means, yet there were trends similar to those noted in Exp. 1 (table 5) . Pigs fed lower energy diets gained as well as pigs fed the higher energy corn-soy or fat diets during periods of cool temperature; diets can be lower in energy and higher in fiber during periods of cool temperature and support gains similar to those obtained with a corn-soybean meal diet. Feed to gain ratios were similar for treatment groups during periods of cool temperature, except that added fat calories gave the typical improved response. Alfalfa meal adversely affected performance during periods of warm temperature; daily gains were lowest and feed conversion poorest with that treatment. Increased feed:gain ratio by pigs fed alfalfa meal was reported by Seerley and Wahlstrom (1968) . Performance of pigs fed bermudagrass was consistent with control pigs. The fact that source of fiber can affect performance was reported by Hochstetler et al. (1959) and Baird et al. (1969) , and was also apparent in this experiment.
Effects of dietary treatment on carcass traits were not significant. Any slight trend due to energy level that appeared in one season was refuted in the other season. Pigs fed during the warm season had longer (P<.05) carcasses and a higher (P<.05) percentage of shoulder than pigs fed during the cool season.
In Exp. 3 (table 6) , as in Exp. 1 and 2, lower energy and higher fiber did not adversely affect gains during cool-season trials. During the periods of warm temperatures, there was a small trend toward slower gains with the bermudagrass because of lower energy. Seasonal effects within treatments 2, 4 and 5 were different (P<.05). In each case, performance was improved during the cool season. The performance of pigs fed the combination of high fat and fiber in diet 5 was equal to that of the basal corn-soy group. This high fiber diet appeared to be improved by the addition fiber, but the increase was only .13 with of fat.
10% bermudagrass in the diet during cool Feed to gain ratios increased progressively season, whereas it was .26 during the warm with decreasing dietary energy and increasing season. The energy content of the 15% bermu- bTreatment means (both seasons) were 3.4, 3.7 and 3.8 cm, respectively. Treatment 1 was different from treatments 2 and 3 (P<.05).
CValues determined at the 1Oth rib. Marbling score increased with marbling (1 to 12 score range). Color score increased with decreased color (1 to 6 range). Firmness score increased with increased firmness (1 to 6 range).
d'e'fTreatment means within a season not having the same superscript are different (P<.05).
X'Yseasonal means within a treatment not having the same superscripts are different (P<.05). dagrass diet may have been too low and the bulk too great for good feed conversion. Combined seasonal treatment means for dressing percentage and backfat were lower (P<.05) in treatments 3 and 4. Dressing percentages were different (P<.05) during cool temperatures while backfat was different (P<.05) during warm temperature.
Percentage of belly in treatment 3 was lower (P<.05) than treatments 1 and 2 with the seasonal combined data and lower (P<.05) than treatment 1 with the warm season data. In general, the control pigs had lower color scores and higher firmness scores within the cool season than did pigs fed diets with bermudagrass, whereas carcasses from pigs in the high bermudagrass-high fat group had the smallest loineye areas.
Mean monthly maximum and minimum CMeans across seasons were 3.4, 3.4, 3.2, 3.2 and 3.4 for treatments 1 to 5, respectively. Treatments 3 and 4 were different (P<.05) from treatments 1, 2 and 5. dMeans across seasons were 14.8, 14.7, 14.0, 14.4 and 14.1 for treatments 1 to 5, respectively. Treatment 3 was different (P<.05) from treatments 1 and 2. evalues determined at the lOth rib. Marbling score increased with marbling (1 to 12 score range). Color score increased with decreased color (1 to 6 range). Firmness score increased firmness (1 to 6 range).
f'gTreatment means within a season not having the same superscript are different (P<.05).
x'Yseasonal means within a treatment not having the same superscript are different (P<.05), evalues in parentheses are low and high monthly averages.
reported as examples of seasonal temperature variation in the region where these experiments were conducted and should be considered (as well as housing type) in the evaluation of data reported herein. To further examine the interactions due to dietary energy and environmental temperatures, we grouped all of the available growth and carcass data that were recorded on a season basis and analyzed this information by least square regression techniques. Data reported herein were combined with previously reported results (Seerley et al., 1978) . Energy levels were within the range of 3.1 to 3.8 Mcal/kg of diet. Energy values were used as a continuous variable to develop a functional relationship of average daily gain, feed:gain ratio and carcass traits with ME by season. The crossbred herd was generally the same and the environment was similar during the test periods, yet the use of different herd sires or differences in year-toyear temperatures might have caused variation. Statistical analyses can not measure this variation. The data are used to illustrate the interactions and show the consistency of performance trends due to diet and temperature.
A summary of the regression analysis and mean response to energy levels within the ranges of 3.1 to 3.2, 3.3 to 3.4, 3.5 to 3.6 and 3.7 to 3.8 Mcal/kg of diet are reported in table 8. Average daily gains and feed gain ratios as a function of ME by season are shown graphically in figures 1 and 2. The interactions between the response of average daily gain as a function of ME by season were significant. Lower energy diets did not reduce daily gains during coolseason tests, but a linear reduction (P<.05) in gains resulted for these diets during warm environmental temperature tests. Higher energy diets were superior for growth during warmseason tests, but of no advantage to growth during cool-season tests. There were linear reductions (P<.05) in feed to gain ratio for higher energy diets in both seasons. However, higher energy diets were more efficiently utilized during warm than cool seasons(figure 2).
These results and those of Seerley et al. (1978) and Stahly and Cromwell (1979) illustrate the effects of dietary energy content and environmental temperature on the energy metabolism of growing swine. Dietary energy levels have been altered by various sources of energy; hence, it is believed that different heat increments of high fiber-containing feed sources and lipids, as well as energy content, have a role in energy metabolism, animal performance and body composition.
The energy cost of maintenance, together with the energy associated with tissue synthesis, represents an energy loss in the form of heat which has been shown to be dependent on both the environmental temperature and the plane of nutrition (Verstegen et al., 1973; Mount, 1975; Close and Mount, 1978a) . In a cold environment, the maintenance requirement is greater than it is in a thermoneutrai environment because of heat needed to maintain body temperature. The increased maintenance requirement decreases efficiency of animal performance (Close, 1978) . At temperatures above the critical limit, animals are stressed by increased body temperature and the complexity of dissipating the excess heat, a metabolic process requiring energy (Close and Mount, 1978a) .
The lower and upper critical temperatures for individually fed pigs weighing 25 to 50 kg are in the range of 14 to 17 C and 28 to 32 C, respectively (Verstegen et al., 1973; Mount, 1975; Close and Mount, 1978b) . The mean temperatures during winter trials were well below the critical temperature for individually fed pigs (table 7) . Mean temperature was 6 C, which should have stressed group-fed pigs. Summer temperatures reached the upper critical temperature, but the low was within the thermoneutral range. During periods of hyperthermal stress, diets containing lipids aided the pigs by reducing feed intake and minimizing the increase in heat produced to be dissipated by metabolism; therefore, the pigs remained more comfortable and more optimal performance occurred. Stahly and Cromwell (1979) reported that the decreased heat increment of a fat supplemented diet resulted in a greater percentage of the diet being available for tissue synthesis in animals maintained at or above thermal neutrality. In contrast, fibrous sources of energy are lower in energy and more difficult to digest and therefore have a higher heat increment. Low energy-high fiber diets further stressed animals at high temperatures, but this excessive heat of metabolism was utilized to maintain body temperature during low-temperature feeding trials.
The response of average backfat, dressing, ham, belly and lean cut percentages as a function of ME differed (P<.05) between seasons. The trends from lower to higher energy diets were aThe slope of the lines representing the relationship of the trait as a function of ME by season.
bThe interaction between the response as a function of ME and season was significant (P<.05).
CValues determined at the lOth rib.
dThe slope was different from zero (P<.05). the same in both warm and cool seasons, but the rate of change differed between seasons. Dressing percentage increased (P<.05) with increasing dietary ME, during warm seasons. Percentage belly and lean cuts decreased (P<.05) as ME increased, and the decrease was greater during the cool-season than during the warm-season trials. During the cool season, ham decreased (P<.05) as ME increased in the diet. As expected, the trend was for backfat to increase (P<.05) in both seasons as dietary energy increased. Carcass length and percentage shoulder decreased with increasing ME during both seasons.
The carcass data indicated that efficiency of energy utilization for tissue deposition was decreased when lipids were fed during cool seasons. The result was an increase in the percentage of dietary energy required for lean t|ssue deposition. This lowered the percentage of dietary energy available for fat deposition as dietary fat levels were increased in cool seasons. These results are in agreement with those of Close and Mount (1978b) , who determined that fat retention was reduced under cool feeding conditions.
Literature Cited
